Spinal cord plays an important role in the transmission and modulation of nociceptive information. Global changes in gene expression in the spinal cord contribute to the induction and maintenance of neuropathic pain. Transcribed Ultraconserved Regions (T-UCRs), a novel class of long noncoding RNAs, can regulate gene expression at both transcriptional and post-transcriptional levels and are related to many human diseases such as cancer, Alzheimer's disease, and heart diseases. In this study, we screened abnormal T-UCRs expression in the spinal cord under spinal nerve ligation (SNL)-induced neuropathic pain condition. Microarray data showed the alternation of T-UCRs at the transcriptional level in the spinal cord 10 days after SNL. Among 78 altered TUCRs, 23 T-UCRs were upregulated by more than 1.5-fold and 55 ones downregulated by less than 0.5-fold after SNL. Hierarchical cluster analysis of T-UCRs expression profiles showed the opposite expression pattern between SNL and sham-operated mice. The quantitative real-time reverse transcription polymerase chain reaction analysis further confirmed the expression patterns of uc. 305, uc.189, uc.46, and uc.217 after SNL. The gene ontology annotation and signaling pathway analysis for the T-UCRs host genes indicated that differentially expressed T-UCRs were involved in several intracellular activities and signaling pathways, including Ephrin receptor activity, soluble NSF attachment protein receptor (SNARE) interactions in vesicular transport pathway, and WNT signaling pathway. Collectively, the current data suggest the possible role of T-UCR in the pathogenesis of neuropathic pain. T-UCRs may serve as a new kind of target for the treatment of neuropathic pain.
Introduction
Neuropathic pain is a common and intractable chronic pain caused by injury or disease of the nervous system, and its pathogenesis is complex and still unclear. The synaptic and cellular mechanisms of central sensitization in the spinal cord participate in the development and maintenance of neuropathic pain [1] [2] [3] . Spinal cord central sensitization are believed to result from the differential expression of multiple pain-associated molecules and the changes of the signaling pathways after nerve injury [4] . Understanding the molecular mechanisms underlying neuropathic pain might provide novel approaches for the development of analgesic strategies.
Transcribed ultraconserved regions (T-UCRs) are a newly discovered class of regulatory non-coding RNAs. UCRs are DNA segments more than 200 bp in length, and are completely conserved among human, rat, and mouse [5, 6] . The 100% conservation of T-UCRs among mammalian genomes indicates that T-UCRs are functionally important in the regulation of gene expression. Indeed, previous studies have shown that hundreds of T-UCRs in the genome of human, mouse and rat are involved in the regulation of gene expression at both transcriptional and post-transcriptional levels [7] . T-UCRs that overlapped with coding exons are classified as exonic type, and the remaining ones as non-exonic T-UCRs. Exonic UCRs play an important role in post-transcriptional regulation, such as alternative splicing and mRNA processing [7] . Non-exonic T-UCRs typically occur near genes encoding transcription factors, and control the expression of adjacent transcription factors at both the DNA and RNA levels [8, 9] . Most recent detective techniques and genome-wide microarray profiling have shown the transcribed UCRs with distinct signatures during development [10, 11] as well as under some disease conditions [12] . However, the genome-wide expression and functional significance of T-UCRs in neuropathic pain remain unclear.
In the present study, we compared the expression pattern of T-UCRs in the spinal cord between L5 spinal nerve ligation (SNL)-treated and sham surgery-treated mice using microarray method. We identified 78 differentially expressed (DE) T-UCRs. Furthermore, gene ontology (GO) and signaling pathway analyses of the DE T-UCRs' overlapping genes indicate that these T-UCRs may play a functional role in neuropathic pain.
Materials and Methods

Animals and surgery
Adult male ICR mice (male, 8 weeks) were purchased from Experimental Animal Center of Nantong University. The animals were maintained on a 12:12 light-dark cycle at a room temperature of 22 ± 1°C with free access to food and water. The experimental procedures were approved by the Animal Care and Use Committee of Nantong University and performed in accordance with the guidelines of the International Association for the Study of Pain. For the SNL model, animals were anesthetized with isoflurane and the L6 transverse process was removed to expose the L4 and L5 spinal nerves. The L5 spinal nerve was then isolated and tightly ligated with 6-0 silk thread [13] . For sham operations, the L5 spinal nerve was exposed but not ligated.
RNA extraction
Total RNA was extracted from the ipsilateral L5 spinal cord 10 days post-surgery using the Trizol method (Invitrogen, Life Technologies). Three ipsilateral mouse spinal cords were pooled together to achieve enough RNA. Totally 18 mice were used for RNA extraction (9 for SNL and 9 for sham). Following extraction, RNA was further purified with a NucleoSpin® RNA clean-up kit (MACHEREY-NAGEL, Germany). The concentrations and quanlities of the RNA samples were determined by a NanoDrop ND-2000 Spectrophotometer (Thermo Scientific, Waltham, MA). The ratio of 28S:18S band intensities were detected by formaldehyde denaturalization electrophoresis. The samples with total RNA quality > 5 μg or the 28S:18S ratio > 2 were further examined.
Microarray of T-UCRs
T-UCRs expression profiles in the spinal cord were assessed using Arraystar Mouse LncRNA Microarray V2.0 (8×60 K, Arraystar), which can profile the global expression of mice T-UCRs. For each sample, T7 Oligo (dT) primer containing T7 RNA polymerase promoter sequence was used to synthesize the first strand cDNA from total RNA by CbcScript reverse transcriptase. The RNase H-DNA polymerase I controlled the process of the second-strand cDNA synthesis (KangChen Bio-tech, China). T7 promoter drove the synthesis of cRNA using the above cDNA as the template. The cRNA were reversetranscribed into cDNA again by random primers, and then the transcription products were labeled in the presence of Cy3-dCTP, random primers, and Klenow Enzyme. The microarray slides were hybridized at 45°C for 16 h in 2× GEx Hybridization Buffer HI-RPM (Agilent Technologies) containing the labeled cDNA. After being washed, microarray results were scanned by Agilent G2505B Microarray Scanner, and images were quantified using Agilent's Feature Extraction software (Agilent Technologies). Quantile normalization of raw data and subsequent data processing was performed using the GeneSpring GX v11.5.1 software package (Agilent Technologies).
Analysis of microarray data
To determine the significant differentially expressed T-UCRs after SNL, raw intensity values were normalized and analyzed using the Significance Analysis of Microarrays software (SAM, version 2.1, Stanford University, CA). Significance was assigned to the T-UCRs which ratio of SNL to sham is more than 1.5 or less than 0.5. Hierarchical cluster analysis was carried out for all T-UCRs or differentially expressed T-UCRs using cluster 3.0 and visualized in Java Treeview. To search the potential functions of differentially expressed TUCRs in neuropathic pain, their host genes were subjected to Molecule Annotation System CapitalBio MAS 3.0 software (CapitalBio Corporation, Beijing, China) to perform signaling pathways and GO molecular function terms analysis.
Quantitative real-time reverse transcription polymerase chain reaction (RT-PCR) analysis of T-UCRs
To validate the microarray data, quantitative real-time RT-PCR assay was used to examine the expression of 4 T-UCRs including uc305, uc.189, uc.46, and uc.217. Total RNA from the spinal cord was extracted as described above. One microgram of total RNA was reversetranscribed using random 6 mer primers according to the manufacturer's protocol (Takara, Shiga, Japan). PCR analysis was conducted in the Real-time Detection System (Rotor-Gene 6000, Hamburg, Germany) by SYBR green I dye detection (Takara). The primer sequences for each gene are shown in Table 1 . The PCR amplifications were performed at 95 °C for 30 s, followed by 40 cycles of thermal cycling at 95 °C for 5 s and 60 °C for 45 s. GAPDH RNA were used as endogenous control to normalize differences for mRNA detection. Melt curves were performed on completion of the cycles to ensure that nonspecific products were absent. Quantification was done by normalizing Ct (cycle threshold) values with GAPDH Ct and analyzed with the 2 −ΔΔCT method.
Statistical analysis
The data are expressed as means±SEM. Differences between the groups were compared by Student's t-test. The criterion for statistical significance was P < 0.05.
Results
In the present study, we used SNL-induced neuropathic pain model to investigate the expression profiling of T-UCRs. As reported previously, SNL produced remarkable pain hypersensitivities including mechanical allodynia and heat hyperalgesia, with robust glial activation in the ipsilateral dorsal horn of the spinal cord on day 10 post-SNL [14] . We harvested the ipsilateral spinal cord 10 days after SNL or sham surgery and then carried out the microarray analysis. This standard array with 606 probe sets could detect the expression of all 473 T-UCRs genes including both exonic and nonexonic forms. We found that majority of the transcribed UCRs were expressed in the spinal cord of either sham or SNL mice. In order to identify putative T-UCRs involved in neuropathic pain, we compared the data with student's t-test and set P value as < 0.05 and fold change as > 1.5 or < 0.5. We found that 23 T-UCRs were up-regulated and 55 ones down-regulated after SNL. These TUCRs were further defined by their relative positions to neighbored protein-coding gene. Fouty-two T-UCRs (54%) were sense overlapping T-UCRs, 20 (26%) intergenic T-UCRs, and 16 (21%) antisense overlapping T-UCRs. While ranking the normalized signal intensities for expression levels, we identified that uc.35, uc.99, uc.211, uc.153, uc.257, uc.1, uc.157, uc.137, and uc.107 were mostly up-regulated and that uc.300, uc.158, uc.184, uc. 217, uc.252, uc.33, uc.264, uc.50, uc.197, and uc.46 were mostly down-regulated (Table 2) . These results indicate that nerve injury led to the distinct change in T-UCRs' expression in the ipsilateral spinal cord.
To validate the changes of T-UCRs identified by the microarray analysis, we carried out quantitative real-time RT-PCR to examine the expression of some T-UCRs in the lumbar spinal cord homogenates from another group of mice 10 days after SNL or sham-operation. C, D) T-UCRs were chosen for the PCR detection, as the sequences of these T-UCRs are suitable for the design of the primer pairs. Consistent with the microarray data, RT-PCR analysis showed that uc.305 (Fig. 1E ) and uc.189 ( Fig 1F) were significantly upregulated and that uc.46 (Fig 1G) and uc.217 ( Fig 1H) were markedly downregulated after SNL. Genomic locations of the above T-UCR genes indicate that they can be transcribed in either exonic or nonexonic forms to their host genes. Based on the searching results from Multiz Alignment & Conservation tracks of 5 mammal species. uc.305 (Fig. 1I) , uc.189 (Fig. 1J) , uc.46 (Fig. 1K) , and uc.217 (Fig. 1L ) each displayed 100% homology between mouse, rats, humans, chimp and orangutan.
Global patterns of T-UCRs expression in the spinal cord from the SNL and sham groups were dissected using hierarchical cluster analysis and visualized as heatmaps (Fig. 2) .
Hierarchical cluster analysis of all T-UCRs expression profiles showed that the 3 sham samples and 3 SNL ones were clustered together, respectively, and that the signal intensities had good intraclass consistency, indicating the high repeatability of microarray data. Furthermore, T-UCRs expression could be divided into two clusters after SNL: the decreased T-UCRs (cluster 1) and the increased T-UCRs (cluster 2) ( Fig. 2A ). This suggests that SNL leads to a distinct alteration in the entire T-UCRs-transcriptome in the spinal cord. The heatmap of T-UCRs with expression changes of more than 1.5-fold or less than 0.5-fold was shown in Fig. 2B . High degree of concordance was observed in either SNL or sham samples. The number of the down-regulated T-UCRs was higher than that of the upregulated T-UCRs.
To explore the potential function of the identified T-UCRs, we conducted GO term and signaling pathway annotation analysis using Molecule Annotation System 3.0 (MAS3.0, http://bioinfo.capitalbio.com/mas/). GO term analysis highlighted the most relevant GO terms for T-UCRs-related genes including the RNA binding, chemorepellant activity, transcription factor activity, nucleotide binding, and ephrin receptor activity (Fig. 3) . It indicates that the differentially expressed T-UCRs may control the expression of some genes. Signaling pathway analysis showed that these target genes were associated with the WNT signaling pathway, axon guidance, and pyrimidine metabolism pathways (Fig. 4) .
Discussion
Previous microarray analysis has indicated dramatic changes in the expression of the genes in the pain-related regions of nervous system under neuropathic pain and inflammatory pain conditions [4, 15] . Non-coding RNAs, including microRNAs [16] [17] [18] _ENREF_27 and long non-coding RNAs (lncRNA) [14, 19, 20] , were upregulated or downregulated in the DRG and spinal cord. Recent studies showed that lncRNAs play a wide variety of regulatory roles in gene expression [21] . Unlike small RNAs, such as microRNAs or snoRNAs, lncRNAs identified previously are generally lack of strong conservation. This may limit their applications in clinic, especially in pain management, given that the majority of previous studies were carried out in rodent animals. T-UCRs are new class of lncRNAs. As T-UCRs are of 100% homology among human, mouse and rat, they are likely important for biomedical research [22] .
Neuropathic pain is defined as chronic pain resulting from the injury or the diseases in peripheral and/or central nervous sytem [23] . The spinal cord is one of key regions in mediating the pathogenesis of this disorder [24] [25] [26] . To our knowledge, whether the T-UCRs in the spinal cord were involved in neuropathic pain is still elusive. The high-density microarray technology allows to systematically determine the expression levels of several thousand messenger RNA or non-coding RNA transcripts concurrently. In the present study, we found that the expression of T-UCRs was significantly changed in the spinal cords of mice following SNL. These changes suggest that T-UCRs may be involved in neuropathic pain processing.
Our microarray analysis showed that 23 T-UCRs were up-regulated and 55 ones downregulated in the spinal cord on day 10 after SNL. uc.99, one of the most upregulated TUCRs, may regulate the expression of distal-less homeobox 1 (Dlx1). The latter encodes one of a homeobox transcription factor gene family and control the neuron-glial switch in the developing forebrain [27] . The level of uc.305 was increased by about 2 folds after SNL. As a host gene of uc. 305, Btrc (beta-transducin repeat containing E3 ubiquitin protein ligase) is a member of WNT signaling pathway. Loss of Btrc function results in the stabilization of β-catenin and the activation of WNT signaling [28] . Spinal blockade of WNT signaling pathways inhibited the production and persistence of neuropathic pain and the accompanying neurochemical alterations without affecting normal pain sensitivity and locomotor activity [29] . It is very likely that uc.305 may be involved in neuropathic pain by regulating the WNT signaling pathway.
In order to fully understand the function of the differentially expressed T-UCRs, GO functional enrichment and signaling pathway annotation were applied to their target gene pool. GO term annotation results showed that RNA binding, chemorepellant activity, transcription factor activity, nucleotide binding and ephrin receptor activity were the most significantly enriched GO terms. Interestingly, T-UCR-associated genes exhibit nucleotide binding, chromatin binding, DNA binding, and transcription factor activity, indicating that the T-UCRs might be involved in epigenetic and transcriptional regulation during pain processing. Pathway annotation showed a significant association of T-UCRs with the axon guidance, pyrimidine metabolism, and WNT signaling pathway in neuropathic pain, indicating that differentially expressed T-UCRs may participate in pain modulation by regulating protein-coding genes in these pathways.
Conclusion
Our microarray results demonstrated for the first time that the expression profile of T-UCRs in the spinal cord was altered in SNL-induced neuropathic pain. These aberrantly expressed T-UCRs may participate in the induction and maintenance of neuropathic pain. Further studies are required to determine whether these T-UCRs can serve as novel therapeutic targets or diagnostic biomarkers for this disorder.
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